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Definition of U lineage

In the current paper we define the U lineage as the classical MHC class | sequences in bony fishes, plus the bony fish non-classical MHC class | sequences which cluster together with
them upon phylogenetic tree analysis. At least two rather characteristic (although not absolutely characteristic) residues can be distinguished for the U lineage which set them apart from
classical sequences in other classes of species. At position 27, shark and tetrapod classical MHC class | have a rather well conserved tyrosine which in human interacts with f2m Y63
[Saper et al. 1991, main text reference 3], but bony fish classical MHC class | molecules tend to have methionine, valine, leucine or isoleucine at this position. Bony fishes tend to have a
histidine at f2m position 63 which is uncommon in cartilaginous fish and the tetrapod line (not shown), but it is unclear how far that affected the different evolution of the MHC class |
position 27 residue. Also for unknown reason, at position 85 the bony fish classical MHC class | sequences have a highly conserved phenylalanine, which appears quite rare in other
classes of vertebrates. In human and chicken classical MHC class I the side chain of residue Y85 connects the end of the a1 domain, underneath the closed end of the peptide binding
groove, with several residues of the a2 domain (GenBank PDB accessions 3HLA and 4G42). In summary, the distribution of characteristic motifs is consistent with single lineage
identity of the bony fish U lineage sequences versus classical sequences in other species, although for the individual motif residues an effect of convergent evolution forced by
interactions with co-factors cannot be excluded. When discussing various MHCI at the level of primitive bony fish, our use of “U lineage” terminology is solely based on phylogenetic
tree analysis and possibly does not refer to an actual pure lineage that is fully separate from some of the nonclassical S, L and P lineages.



Text S3. Additional U lineage data

Text S3a. Alignment of deduced U lineage amino acid sequences

Text S3a.1 Amino acid allgnment of deduced U lineage alpha 1 domaln sequences

1 20 40 60 * 80 *
A B A A B C
A B C CB B B A B BB C FC F FF F
HLA-A2 :GS HSMBIFFTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRAPWIEQ————EGPEIWDGETRKVKAHSQTHRVDLGTLRGIYNQSEA—
Shark : THSLRYFYNSMT-PIPGVPEFVAVGYVDDALEFVHYDSD--RKQMIPRQRWIEE---SEDKQYWERETQKQLGWEQTGKVDIQTLITRTNLTG--
Sturgeon : THSLRYFYTGTS-GMTEFPEFVAVGMVDDVQIDYYDSK--SKKDISKQQWMKD---NMEPAYWEGNTQKCLGHQONFKANIGIAMQREFNQTG—-

Paddlefish*01: SHSLRYEFYTGTS-GVTEFPEEVIVGMVDDVQISHEDSK--SKQOTVPKQOWMKD---NVEPGYWERNTQICLGNQQIFKVAVIDLPKRENQTE--
Paddlefish*03: THSLRYFFTGVT-AGTGLPEFVTVGLVDDEQHVHYDSV--SKKAVARQDWMAK---SEGPEYWESETQONFAGEEQVFKVNIGTLMQRENQTG--

sasa*0101 : THALRKYEFYTASS-EVPNEFPEFVVVGVVDGVQMVHYDSN--SQRAVPKQDWVNK---AADPQYWERNTGIFKGSQQTFKANIDIAKQRFNQSG-—- T
onmy*0301 : THSLRKYEFYTASS-EVPNFPEFVVVGMVDGVQMVHYDSN--SQRMVPROQDWMNKAA-ETLPQYWESQTGILKGTQQTYKASTIDIVKQRFNQSG-- T
satr*0101 : THSLKYFYTASS-EVANFPEFVAVGMVDGVQOMFHYDSN--SQRAVPKQDWMNKAT-ETLPQYWERETGNCKGSQONFKANIDIVOQORFNQSG-- I
satr*0901 : THSLKYFYTASS-EVPNEFPEFVAVGMVDGVQMFHYDSN--SQRAVPKQDWVNK---AADPQYWERNTGNEGKGSQQSFKANIDIAKQRFNQSG-=- I
porez54085 : THSLKYEFYTGSS-QVPNEPEFVVVAMVGDVQOMVHYDSN--SGKAVPKQDWMNA—-—--AADPQYWERNTGNFLGAQQTFKANIETAKQRFNQTG-- T
orlaUAA*(0202 : THSLKYFYTASS-QVPNEFPEFVSVGLVDDAPISHYDSD--TRMTIIKQDWMKD---AMDEQYLERNTANFLGSQQVYKANIEVAKQRENQTG-- I
orlaUBA*0201 : THSLKYFYTASS-QVPTLPEFVAVGLVDDAQIDYYDSD—--IRMVVPKQDWMKE---AMDGQYWKTETENRLGDQHTFKARIEILKQSFNQTG-- I
GAl : THSLRNEYTGSS-GVPNFPEFVVVGLLDEVEISHYDSN--TRREEPRQDWMSRVTED-DPQYWKSETETLMGQQQGFKVNIETAKQRFNQTG-- T
GA20 : THSLKNEFDTASS-GVPNEFPEFVNVGLLDEVEMEFHYDSN--TTRAEPKQDWMSRVIED-DPQYWKRQTEKSMNAQQVFKVDIGTAKRRENQTG-- I
GAl2 : THLLKFFLTGSS-GVPNEFPEFVVVGLLDEVEVVHYDSD--TWRVEPRQDWMSRVRKD-LPWDWLALTONALVAQQELKAYIETILKRRENQTG-- I
GAl7 : THSLKYFLTASS-GLPNFPEFVIVGLLDEVELFHYDSN--TRRAEVRQDWMIRVRED-DPRYLKRGTEVLMDAQQVFKVNIETAKQRFNQTG-- T
GM1 : LHSLHYFYTGSS-GLSTFPEFVAVGMVDGVQIDYYDSN--TQRAVLKQDWMEQVIRE-DRDY LERNAGTILOGAQQTYKAGVGILKQRFNQTG-- T
GM26 : LHSLHYFYTASS-GLSAFPEFVAVGMVDGVQMVHYDSN--TQRTVLKQDWMEQVTSG-DGDY LVRNTGKFQGAQQVFKANIGIAKQRFNQTG-- T
GM35 : ITHSLQVFHTASS-GLSTEFPGYVMVVMVDEVQVEYYDSN--TQRITITKQDWIDQFYRD-PPGELETATERRKGNQOQTFKANIGTAKQRFNQTG-- I
GM54 : ITHSQHFFEFTASS-GLSTFPEYVDVQMVDEVQIGYYDSN--TQRSIPKODWADQANRDKDPDY LEKDTENRKGLQQAFKANMGILKQRENQTG-=- I
sasa*0901 : THSLRYFYTATT-GIPDFPEFVDVGVVNGKVISYYDSI--IKRKVPKQSWMEE---NLNQOQYWNQGTDQLKGTEQSFKANIQVAQTRFNQTG-—- IT
sasaUGA : THSLRYFYTSSS-GISDFPEFVDMGMVNDQVISHYDSI--TKRKVPKQSWMGK---VEDQQYWDSTTEDLRGAEKVFKNNLQTAQKREFNQTG-—- IT
onmy*0901 : THSLRYFYTATT-GIPDFPEFVDVGVVNGKVISYYDSI--TKRKVPKQSWMEE---NLNQOQYWNQGTDQLKGAEQTFKANIQIVQTRFNQTG-—- IT
satr*2601 : THSLRYEFYTATT-GIPDFPEFVDVGVVNGKVISYYDSI--TKRKVPKQSWMEE---NLDQQYWNQGTEILKGTEQSFKANIQVAQTRFNQTG-- II
onne*0101 : THSLRYEFYTATT-GIPDFPEFVDVGVVNGKVISYYDSI--TKRKVPKQSWMEE---NENQQYWNQGTDLLKGTEQTFKANIQVAQTRFNQTG-- II
cycaX91022 I : THTLQYYFTATT-GISNEPRLVDVGMLNGEPISMYDST--SQKKVPKQKWMAE---NLDYEYWNSATEMRKARDQVFEFSNIQVLMDRENQTA-- II
dareCN019589 : THRLQYEFYTATT-GIKEFPREVDVGMLNGEVISMYDSN--LQORKVPKQRWMAE---NLDQQYWDRYTEIVKATEQAFFNNIQVVMSRENQTA-- II

dareEB993072 : THSLQYFYTATT-GIKEFPAFVDVGMLNGEVISMYDSN--SQRKVPKQRWIAE---NLDQQYWDSSTEGMKGVEQSFENNIQVAMSRENQTS-- II




Text S3. Additional U lineage data

* 20 * 40 * 60 * 80 *
A B A A B C
A B C CB B B A B BB C FC F FF F
HLA-A2 GSHSMR.FFTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRAPWIEQ————EGPEIWDGETRKVKAHSQTHRVDLGTLRGIYNQSEA— ITT
sasa*0801 THSLRYVYTATS-GIPDFPEFVNLGIVDGMQIDYYDSN--TKRAVPKQDWMAK---TEGSDYWDRQTQVSIGSEQTFKANIDIVKQRFNQTG-- IIT
sasa*4001 THSLRYVYTATS-GIPDFPEFVTVGLVNGEPISYHDST--TRRETPRODWMKE---AVDPDYWNRNTQTSIGDEQTFKANIDVAKQREFNQTG-- IIT
onmy*0501 THSLRYVYTATS-GVPDFPEFVSLGIVDGMQIDYYDSN--TKRVVPKQDWMAK---TEGSDYWERQTONSIGDEQTFKANIDVAKQRFNQTG-- IIT
satr*1301 THSLRYVYTATS-GIPAFPEFVTVGLVNGEPISYYDSV--MRRETPROQDWMKE---AVDPDYWERETQISIGSEQTFKADIENTIKPRFNQTG-- IIT
meamJF921097 KHSLOYFYTATS-GLPNEFPQFVTVGIVDGEPFSYYDSN--TRRETPROEWMAK---SVGEDYWERNTQISIGAEQSFINNINVAKDRFNQTG-- ITII
orniACQ83468 RHSLQYFYTASS—GIPSFPEFLTVGMVDGEPFSYYDIK——IGKEIPKQDWMAK———AEGPEYWDRQTQISIGAQQSFKNNIDVAKQRFNQTG—— IIT
sasa*3301 THSLKYEFYTGST-GIEGFPQFVAVGIVDGMHIDYEDSV--SEKNVLKQSWM=-=——-- EGARDEKSITNIRKGHQQOSFKANVEIVMOQRFNQTT-- IV
onmy*0201 THSLKYEFYTGST-GIEGFPQFVAVGIVNGMQIDYEFDGV--SEKNVLKQSWM=-=——=— EGVRDEKMITNTRKGHQQTFKASVEIVMQRENQTT-- IV
onmy*1701 THSLKYEFYTGST-GIEGFPQFVAVGIVDGMQIDYEDSV--SEKNVLKQSWM=-=-——-— EGVRDEKMITNTRKGNQQTFKANVEIGMQRENQTT-- IV
satr*1001 THSLKYEYTGST-GIEVFPQFVAVGIVDGMHIDYFDSV--SEKNVLKQSWM=-—-=-=——— EGARDEKSITNTRKGIQQSFKANVEIAMORENQTT-- IV
sasa*0701 THSLKYFYTAVS-GDIDFPEFTIVGLVNNGQEFVYYDSN--TKRMVPKTEWMKQ---SAGADYWDTESEKQVGONQGFKNNIQVLKDRENQSMST  V
sasa*1401 THSLKYFYTAVS-GDIDFPEFTVVGLVDEGQFMYFDSN--TKTAVPKTEWMKK---SVGADYWDRQTQIGIGAHQNFKANIQVAKDRENQSKST V
onmy*4801 THSLKYFYTAVS-GDIDFPEFTAVGLVDKGQFMYFDSS--TKTAVPKTEWMKR----EGADYWDRQTQGLIGAHQTFKVNIQTLKDRENQSKST V
satr*0801 THTLKNFYTAAS-GDISFPEFIIVGLVDNTPYLYFDSN--TKTAVPKTEWMKK---SVGADYWDSMTQIGIGAHQTFKANIQVAKDRFNESKST V
onne*0201 THSLKYFYTTVS-GDIDFPEFTIVGLVNNGQEFVYYDSN--IKRMVPKTEWMKQ---SAGADYWDTESEKQVGTHQVFKNNIQVAKDRENQSMST V
onne*0401 THSLKYFYTAVS-GDIDYPEFTAVGLVDNGQFMYFDSS—--TKTAVPKTEWMKR----EGADYWDSQTQGLIGEHQTFKVNIQTLKDRENQSKST V
darez46776 THSLRYFYTGVS-GDIDFPEFTVVSLVDGEQEFVYFDSN--TMKTVPKTEWMRQ---NVGEDYWERETQITFTGAHPVFKNNIQVIKERENQTO-- V
cycaAB018581 THSLRYFYTAVS-GISDFPEFTAVGLVDDQQFDYFDSK--TMKDVPKTEWIRQ---NVDAGYWDRQTQTLIGTHQSFKNNIQVAKERFNQTT-- V
dareUGA THSLRYFYTAVS-GDIDFPEFTMVGLVDGGQFIYFDSK--KMEAVPKTEWIRQ---NEGADYWDINTQRLTATHQAFKNNIQVAKERFNQSQ-—- V
cycaAJ007901 THSLRYEFYTGVS-GVSGLPELTVVGLVDDQQFMYEFDSN--TKKAVPKTEWMRQ---SEGADYWDEETONDNNYHESFKKNIQKAKERFNQST-- V
sasa*0201 TNTLOQYFYTATS-GIDNFPEFVTMGIVNGHQIDHYDST --TKRAIQKAEWISG---AVDPDYWKTNTQIYAGTETVEVNNINVAKSRENQTG-- VI
onmy*4901 TNTLOQYFYTATS-GIDNFPEFVTMGIVNGHQIDHYDST -—-TKRAIQKAEWISG---AVDPDYWKRNTQTYAAEEPVFLNNIKIAKSRENQTG-- VI
satr*0701 TNTLQYFYTATS-GIDNFPEFVTVGIVNGHQIDHYDSI--TKRAIQKAEWISG-—-AVDPDYWKRNTQIYAGAETVEVNNINVAKSRENQTG-- VI
dareC0814745 THTLRYEYTATS-GIDNFPEFMTVGLVDGQQIDYYDSN--IRKAVQKAEWISG-—--AVDPDYWNRNTQIYSGTEAVYKNNINVARSRENQTG--- VI
cycax91015 THTLOQYEYTATS-GIENFPEFMTAGVVDGQQIDYYDSI--IRKAVQKAEWISG-—-AVDPDYWNRNTQIYAGNEPSFKENINIVKSREFNQTG-- VI
sasa*1001 ITHSWKAFLTAST-GLSDFPEFVALNLVDDELMGY FDTK--TNRFEGKQSWVEE---KLGQQYLEQQENTILRSTSQSFKVNVGIAMERFNQTK-- VII
onmy*4501 ITHSWKAFLTAST-GLSDFPEFVALNLVDDELMGY FDTK--TNRFEGKQSWVEE---KLGQQYMERQENTLRGTSQSFKVNVGIVMERFNQTK-- VII
onne*0301 ITHSWKAFLTATT-GLSDFPEFVALNLVDDELMGY FDTK--TNRFEGKQSWVEE---KLGQQYMEREENTILRSTSQSFKVNVGIVMERFNQTK-- VII
darez46777 THSWKAYYTGTT-GLTEFPEFVALNLIDDQLMGY FDSK--TNREKSQFQWMED---NLGKEYDEQQTNILLGYPEVFKNNIKVVMERFNQTQ-—- VIT
Eel (4863) MHSWKAFYTGST-GLSESPEFVAVNIVDDEPVGYEFDSR--TNSFQYRQKWMEE---HLGPEYLKQOTDILKGAIPRFKANVGIAMKRENQSG—- VII
onmy*4701 THSMQYIVTAVS-GLDEIPEHTEVGMVDGQQEFVYYDSV—--LKKIITPKTDWIEK---NVDASYWKRETDRNIATEQTFKSNVAIAMTRENQTR-- VIII
chstJK546338 THSMKY IVTTVS-GLDGFPEHNEVGLVDGQEFVHYDSH--LKKIITPKTDWIEK---NEGADYWERETQRNINTEQTFKANVATIAMGREFNQTG-- VIII
AM27 THSMQYFEFYTGVT-PGINFPEFTSVGLVDGEPEFIYYDSD--IREDIPKTDWIKK-VLDYEAGEFFDROQTQIHQGSQESEFKVNVQTAMORENQTK-- VIII
icpuAY008848 THSLOYVYTAVT-PGINFPEFIVVGQVDGQQFGYYDSK--TRKMIPKTEWIQK-TINADDADYWNTQTQTLQGAQETFKVGVDTLMQRFNQTA-- VIIT
icpuAF053546 THSLOYVYTAVT-PGVNEPEFTSLGOLDGOQFTYYDSK-—IKKATIPKTEWIQK-VNADDPHYWNRGTQTLOGAQETEFKVDVDTLMORENQTA--  VIII
Eel (17750) SHSLKYFYTGVT-AGIDFPEFTAVGLVDDEEFSYFDSN--IPKIIPKTEWFEK---AVDEQYWHRNTONFIGAHQTFKAGVGILMORENQTQ-- VIIT
orniUBAl KHSLKYFFTETP-GAQSIPEFVGVGEIDEVQEFGGWNSR--RGEEVKK-DWIKL--FEDDPQHLHQYIFECSASHHYFKDTIKTLKQRLNQTE--- IX
orniUBA2 KHSLKFFFIQTS—GVQNIPEFVVVGLVDGVQKSYYDSN——TGRPEPKTEWMKK—LMKDDPQHLEWYTARSFHTQDLFKHYTENLRKRFNQTE——— IX
orniUAAl KHSLKYFVTGSS—GAPNIPELFGALMVDGIQVGYCDVS——KKILEPRQEWAKNILEKHPEQLDWYQHKIFEDQPNFFRELISSLKQQFNQSE——— IX



Text S3a.2 Alignment of deduced U lineage alpha 2 domain amino acid sequences
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100 120 * 140 * 160 * 180
A
B ccC
c C D E E DD A
FED E FF FF F FF E EE DD A A A

HLA-A2 GSHTVQRMYGCDVGSD-WREFLRGYHQYAYDGKDY IALKEDLRSWTAADMAAQTMKH EAA—HVAEQLRA.LEGTCVEWLRR.LENGKETLQRT
Shark : GIHTLQVMYGCELRDD-GS-TAGEFQYGWDGKDLISEDKEHLVWNTPVTWQVVTKNKWEQDRGLGQORKGY LEQECIEWLKKY LTAGEREL-KP
Paddlefish*01: GVHTVQRMVGCELDDD-GT-KRGFEQHGYDGEDY IMEDKDTLTWTAASQRGETTKVKWDPLTASNQORKAYLEGTCIEWLKKYVQYGRETLERR
Paddlefish*03: GVHTVQRMYGCELDDD-GT-KRGEDQFGEFDGKDE T IFDKDSLSWTAPVMQAVITKNKLDADRALNQQOKAYLEQICIEWLQKYVQYGKETLERR
Sturgeon GVHTAQTMLGCELDED-GT-KRGFWQEGYDGEDY I TFDKDTLTWTAANQRGETTKVKWDPNTARNQY LKGYLEGTCIEWLOQKYVQYGRETLERR
sasa*0101 GVHVNQWMYGCEWDDEAGYV-TEGFEQWGYDGEDEF TAFDLKTKSWIAPTPQSVITKLKWDSDTAQNEHDKHY LTQTCIEWLKKYLDYGKSTLMRT I
sasa*0201 GVHVNQKMYGCEWDDETGV-TEGEDODGYDGEDELAFDLKTLTWIAPTPQAVITKLKWDSNTAQNEYRKNY LTQTCIEWLKKYLDYGKSTLMRT I
sasa*0701 GVHVEQVMYGCEWDDEAGA-TEGEDQYGYDGEDFLAFDLKTLKWIAPTPQAVITKLKWDSDTAQNEYRKNY YTQTCIEWLKKYVDYGKSTLMRT T
sasa*0801 GVHVNONMYGCEWDDEAGY-TEGEDQYGYDGEDE LAFDLKTLKWIAPTPQSLITKLKWDNNMAQIQODKHY LTQTCIEWLKKY LDYGKSTLMRT I
sasa*1001 GVHVEQNMYGCEWDDETGV-TEGEDODGYDGEDELAFDLKTLTWIAPTPQAVNTKHKWDSNTAYNEQEKNY LTQICIEWLKKYVDYGKSTLMRT I
sasa*1401 GVHVEQKMYGCEWDDEAGA-TEGLTQYGYDGEDEF TAFDLKTKSWIAPTPQSLITKLKWDSDTAYNEQEKNY LTQICIEWLKKYVDYGKSTLMRT I
onmy*101 GVHTEFQNMYGCEWDDDTGA-TEGEFFQYGYDGEDFLALDLKTKKWIAPTPQAVITKHKWDSNTANEERRKHY LTQECIEWLKKYLDYGKSTLMRT I
onmy*401 GVHIVQRMYGCEWDDEAGY-TEGENQYGYDGEDE TAFDLKTTKWIAPTPQAVITKLKWDSNTAYTENWNNY LTQTCIEWLKKYVDYGKSTLMRT I
onmy*0901 GVHTEQNMYGCEWDDDTGA-TEGEFQYGYDGEDE LALDLKTKKWIAPTPQAV ITKHKWDSNTANEERRKHY LTQECIEWLKKYLDYGKSTLMRT I
onmy*4501 GVHIVQRMYGCEWDDETGV-TEGENQHGYDGEDE TAFDLKTTKWIAPTPQAVITKHKWDSNTVRNEQKKNY LTQTCIEWLKKYVDYGKSTLMRT I
onmy*4901 GVHTNQRMYGCEWNDETGA-TGGY FQODGYDGEDF ITAFDLKTKTWIAPKPQAVITKLKWDSDIAMTEQKKHY LTQECIEWLKKYLDYGKSTLMTT I
satr*0101 GVHVEQNMYGCEWDDEAGY-TEGEYQFGYDGKDE TAFDLKTLKWTAPTPQAVITKLKWDSNMAFNEQKKNY LTQICIEWLKKYVDYGKSTLMRT I
satr*0701 GVHAFQMMCGCEWDDEAGA-TGGEYQFGYDGEDE LAFDLKTLKWTAPRPQAV ITKLKWDSNTANNEYRKNY LTQECIEWLKKYVDYGKSTLMRT I
satr* 0801 GVHVNQMMCGCEWDDETGA-TGGFEQYGYDGEDE TAFHLKTLTWIAPTPQAV ITKNKWDSDTAQNEYWKNY LTQECIEWLKKYVDYGKNTLMRT I
satr*1001 GVHVNQVMYGCEWDDEAGYV-TEGENQHGYDGEDF LAFDLKTLTWIAPKPQAVITKNKLDSDTAQNEHWKNY LTQECTIEWLKKYVDYGKSTLMRT T
GAl GVHIYQONMYGCEWDDETNE-VKGYYQFGYDGEDF ISEDLQTERWIAPKHQAEF ITKQKWDHNRAL TAGKKNY LTHVCPEWVKKYLNYGRSSLMRT
GAl2 GVHVMQRMVTCEWDDETNE-VKGYDQYGYDGEDFLSYDLQTEQWIAQKQQAV I TKEKLDRNRDLTAGNNDCLTPFCGRYLNIYLNYGRSSLMRT
GAl7 GVHIFQRMVGCEWDNETNE-VKGYDQEFGYDGEDE ISYDLQTEQCIAAKQQAV ITKQKWDODRALKAHKKNS LTHVCPESLKTLLNYGRSSLMRT
GA20 GVHIVQLMIGCEWDDVTNE-VKGYNQYGYDGEDEFISEDLQTEQWIAPKQQAVLTKQKWDHNRALKAHDKNY LTHVCPEWLKKY LNYGRSSLMRT
GM1 GTHLYQRMYGCEWDGEDDS-TDGYNQYGYDGEDF ITAFDPKTLTWVAPVRQAVPTKOKWDGLRAYNEYWKNYQTKECVDWLKKY LAYGKSTLQORT
GM26 GAHMVQWMYGCEWDDEDNS-TDGYNQYGYDGEDFISLDLKTLTWVAPVRQAFSTKOQRWDGLRAQTVRYKYYYTKECVDWLKKY LAYGKSTLQORT
GM35 GAHIVQKMYGCEWDDEDGS-TDGYRQFGYDGEDE TAWDMKTMTWVAPVRQTVITKQRWNEERAQLQY LKNY ITEDCVDWLKKY LANGKSTLQORT
GM54 GAHI IQRMDGCEWDDEDGT-TEGYDQHGYDGEDEF ISLDLKTLTWVAPVRQAEFSTKQRWDGLRAQTVRYKYYYTKECVDWLKKY LVYGKSTLQORT
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100 * 120 * 140 * 160 * 180
A
B ccC
ccC D E E DD A
FED E F FF FFF E EE DD A A A

HLA-A2 GSHTVQRMYGCDVGSD-WRELRGYHQYAYDGKDY TALKEDLRSWTAADMAAQTKH EAA*HVAEQLRAI;EGTCVEWLRR.LENGKETLQRT
Shark GIHTLQVMYGCELRDD-GS-TAGFFQYGWDGKDLISEDKEHLVWNTPVTWQVVTKNKWEQDRGLGQORKGY LEQECIEWLKKY LTAGEREL-KP
sasa*4001 GVHTVQLMYGCELGDD-GI-TRGDYQFGYDGADELSLDKSTLTWTAANQKAVITKLKWDATGAEANEFQKDY LENTCIEWLKKYVNYGKDTLERK IT
onmy*0501 GVHTFQLMYGCELGDD-GI-TRGDFQLGYDGADELSLDKSTLTWTAANQKAVITKLKWDATGAEANFQKNY LENTCIEWLKKYVNYGKDTLERK IT
onmy*4801 GVHTEFQLMYGCELGDD-GI-TRGDFQYGYDGADELSLDKSTLTWTAANQKAVITKLKWDATGADANEFQKNY LENTCIEWLKKYVNYGKDTLERK IT
satr*0901 GVHTEFQLMYGCELGDD-GI-TRGDFQCGYDGADELSLDKSTLTWTAANQKAVITKLKWDATGAEANFQKNY LENTCIEWLKKYVNYGKDTLERK IT
cycax91022 GVHSFQLMYGCELDTD-GT-KRGYMQYGYDGODEISLDKNTLTEFTAANPQAMITKNKWEANRAEAEQWKGY LENMCIEWLQKYVGYGKDTLERK IT
dareCN019589: GVHTFQEMYGCELEDD-GS-TRGYWQYGYDGEDFLSLDKSTLTWTATKPQAT I TKNKWDADNADKQFTKSYLENQCTEWLKKYVGYGKDTLERK ITI
meam*0201 GVHSFQFMYGCELDD--GT-KRGYMQYGYDGEGELILDKSTLTWTAPNDQAL ITKKKWDATGVEANRAKAYLESECIEWLNKYVDYGKDTLKRK IT
darez46776 GVHTEFQWMYGCELYDD-GT-KRGYMQYGYDGEDE LSLDKKTLTWTASNPQAV ITKVKWDSTGADANEFQNNY LDNTCIEWLKKYVDYGKDTLERK IT
dareUGA GVHTEFQVMYGCELEDD-GS-TRGYWQYGYDGEDEFLSLDKSTLTWTATKPQAV ITKNKWDADNADRQYTKSY LENECIEWVKKYVDYGKDTLERK IT
cycaAB018581: GVHSFQIMYGCELDTD-GT-TRGYMQYGYDGEDFLSLDKSSLTYTAANPQAVITKVKWDSTRAQANSAKAYLENTCIEWLNKYVAYGKDTLERK IT
cycax91015 GVHSVQOMYGCELHDD-GT-KGGYMQYGYDGEDFLSLDKSSLTWTAANPQAVITKVKWDSTRAETKSETNY LENICIEWLQKYVRYGKDTLERK IT
darez46777 GVHTEFQEMYGCEMDDD-GN-KQVHWQIGYDGEDE ISLDKKTLTWTAANSQAMTTKVKWDSTGAEANYWKGY LENECTIEWVQKYVGYGKDTLERK IT
icpuAY008848: GVHTWQMMCGCKRDDN-AT-TRGYSQYGYDGEDFISLDLKTLTYTAAKSQALITKNKWDNDPDMTVSRKNY LEKECIEWLQKYVGYGRETLERK IT
icpuAF053546: GVHTVQMMCGCERDDD-GT-TRGFLQHGYDGEDFVSLDLKTKTWIAPTPQAVITKNKWDATGA-AANQONYLENICIEWLQKYVAYGRETLERK TIT
sasa*0901 GVHIFQYMYGCTWDDDSGV-TDGLRQYGYDGEDELVYDMKAFTWIAPKLQAE ITTRKWNNEPAQMEYLKSY ITQECVEWLKKYVDYGKNTLMRT IIT
sasaUGA GMHISQDMYGCEWDDETGL-TEGFHHIGYDGODLLVEDLKRATWIASVPQALHSKMKWEGDPSSIESEKRY LTODCIVWLKKYLEYGKTTLORT IIT
onmy*4701 GVHIYQYMYGCMWDDDSGV-TEGHRQYGYDGEDEFLVYNMKTFTWIAPKQQSE ITOQRKWNNEPAQMEYLKSY ITQECIEWLKKYVDYGKSTLMRT ITIT
dareEB993072: GVHTYQNMYGCEWDDQTEA-TNGFFQFGYDGEDLLSLDYKEMRY ISPVQQOGHISAQKWNKDKGLIENDRNYLSTICIEWLQKYLQYGKSNLERT
dareAF182155: GIHTIQEMYGCEWDDETRA-TNGEYQDSYDGEDFVYLDLKEMRYISPVPQALLTLQKWNDDKAFLAQQINYLSIECIEWLQKYMQYGKSSLEKT
porez54085 GIHLLQEMYGCEWDDETGE-IKGYTQFGYDGDDESVEDLKTESWTAPVTEAVVTTHKWDNDKGLNAGWVNY LTONCPEWLKKYVNYGRSSLMRT
orlaUBA*0201: GAHVVQNMYGCEWDDETGE-VKGYDQYGYDGEDFIALDLKSESWIAAKQQAVITKDEWDDNKAFTVGRKNYLTQICPEWLEKYVNYGSSSLMRK
0rlaAB450991: GLHVYQNMYGCEWDEETGE-VNSEFRQFGYDGEDEFTIALDVKTESYTAAKQQAE ITKHKWENDKTGMSYWKNY LTQICPEWLKKYVNYGSSSLMRK
orniACQ83468: GVHIFQWMYGCEWDEETGE-GNGYQQYGYDGKDETILDLOKETWVAPVQQAATITKNKWDSNKVEFTRYKSYVTQDCREWLKKYVNYGKSSLMRT




Text S3. Additional U lineage data

Text S3a.3 Alignment of deduced U lineage alpha 3 domain amino acid sequences

* 200 * 220 * 240 * 260 *
HLA-A2 : DAPKTHMTHHAVS-DHEATLRCWALSEYPAEITLTWQRDGEDQTODT-ELVETRPAGDGTEFQKWAAVVVP--SGQEQ———-—- RYTCHVQHEGLPKPLTLRW
Shark : VAPRVEPSVNKASNIRPTELSCLVTGEYPRDIEVTLLRNGQPIT-DT-ESTGILPNHDGTYQLTRWAQIT--LDEGA-—-—--— TYSCQYDQGDKVGVEIRHW

Paddlefish*01: VPPEVTLLQRKARGSADMEVLCHVTGFFPRAVEVTWVRDGODQLEEGVONGEVLLNQDGTYQLRKILTVS---PEEQGRH--RYSCQVDHISFKEKQIYIW
Paddlefish*03: VPPAVTLRHKKARGSADTEVVCHVTGFYPRAVEVTWVRDGQVQLEDRVQSGEVLPNQODGTYQLRKILTVS---PEEQGRH--SYSCQVDHVSFTERQNYIW

Sturgeon VPPAVTLLOQRKARGSADTEVLCHVTGEFEFPRAVEVTWVRDGRDOLEEGVQSGEVLPNODGTYQLRKILTLS-=-PEEQGRH--SYSCQVDHISLDQKIVKEW
sasa*0101 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWOKDGODHHED-VEYGETLONDDGTFOKSSHLTVT---PEEWKNN--KYQCVVQVTGVKEDEFIKVL
sasa*1401 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWOKDGODHHED-VEYGETLONDDGTFOKSSHLTVT---PEEWKNN--KYQCVVQVTGVKEDEFIKVL
sasa*0801 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWQKDGODHHED-VEHGETLONDDGTEFQKSSHLTVT---PEEWKNN--KYQCVVQVTGLQEDFIKVL
sasa*0201 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWOKDGODHHED-VEHGETLONDDGTEFQKSSHLTVT---PEEWKNN--KYQCVVQVTGLQEDFIKVL
sasa*1001 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWQKDGODHHED-VEYGETLONDDGTFQOKSSHLTVT---PEEWKNN--KYQCVVQVTGLQEDEFIKVL
sasa*0701 VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVSWQKDGODHHED-VEHGETLONDDGTFQKSSHLTVT---PEEWKNN--KYQCVVQVTGIKDDIIKVL
sasa*0901 VPPSVSLLOKSPS----SPVTCHATGEYPSGVMVEWQKDGODOHED-VEYGETLPNHDGTFQKSSHLTVT---PEDRKNN--KYQCVVQVTGIKDDFIKVL
sasaUGA VPPSVSLLOKTPS----SPVTCHATGEYPSGVMVEWQKDGODHHED-VENGET LHNDDGTFOQKRTHLKVT--=-SEEWKNN--KYQCVVQVTGIKEDEFIKVL
onmy*401 VPPSVSLLOKAPS----SPVTCHATGEYPRDVMVSWOKDGODHHED-VEYGETLPNDDGTFQOKSSHLTVT---PEDRKNS--KYQCVVQVKGIKKDFIEVL
onmy*4701 VPPSVSLEFQKTPS----SPVTCHATGEYPSDVMVSWOQKDGODHHED-VEYGETLPNNDGTEFQKSIHLTVT---PDDRKNN--KYQCVVQVKGIMEDFIKVL
onmy*4501 VPPLVSLFQKTSS----SLVTCHATGEYPSDVMLSWOQKDGODHHED-VEYGETLPNDDGTFQKSIHLTVT---PEDRKNS--KYQCVVQVKGIKEDFIKVL
onmy*0901 VPPSVELLOKTPS----SPVTCHATGEYPSDVMVSWOKDGODHHED-VEYGETLPNDDGTFQOKSIHLTMT---PEDRKNN--KYQCVVQVKGIKEDEFIGVP
onmy*4901 VPPSVTLLOKTPS----SPVTCHATGEYPSGVMVEWQKDGODOHGD-VEHGETLPNDDGTFOKSTHLTLT---PEEWKKK--QYQCVVQVTGIKEDFIKVL
onmy*0501 VRPSVSLLOKTPS----SPVTCHATGEYPSGVMVEWQKDGQEQHGD-VEHGEILONDDGTFQKSTHLTVT---PEEWKNN--KYQCVVQLAGIEDDITKVL
onmy*4801 VRPSVSLLOKTPS----SPVTCHATGEYPSGVMVEWQKDGOQEQHGD-VEHGEI LONDDGTFOKSTHLTVT---PEEWKNN--KYQCVVQLAGIEDDITKVL
onmy*101 VPPSVELLOKTPT----SPVTCHATGEYPSDVMVSWOKDGODHHED-VEYGETLPNDDGTFQOKSIHLTMT---PEDRKNN--KYQCVVQVKGIKEDEFIGVP
satr*0101 VPPSVSLLOKTPS----SPVTCHATGEYPSDVMVSWOQKDGODHHED-VEYGETLPNDDGTFQKSIRLTVT---PEEWKNS--KYQCVVQVKGLKEDFIKVL
satr*0801 VPPSVSLLOKTPS----SPVTCHATGEYPSDVMVSWOKDGODHHED-VEHGETLONDDGTFQKSSHLTVT---PEEWKNN--KYQCVVQVKGLKEDFIKVL
satr*1001 VPPSVSLLOKTPS----SPVTCHATGEYPSDVMVSWOKDGODHHED-VEHGETLONDDGTFQOKSSHLTVT---PEEWKNS--KYQCVVQVKGLKEDFIKVL
satr*0701 VPPSMSLLOKNPS----SPVTCHATGEYPSDVMVSWOKDGODHHED-VEYGETLPNDDGTFQOKSSHLTVT---PEDRKNS--KYQCVVQVKGLKEDFIKVL



Text S3. Additional U lineage data

* 200 * 220 * 240 * 260 *
HLA-A2 : DAPKTHMTHHAVS-DHEATLRCWALSEFYPAEITLTWQRDGEDQTQODT-ELVETRPAGDGTFQKWAAVVVP--SGQEQ-—=-—=—= RYTCHVQHEGLPKPLTLRW
porez54085 : VPPSVSLLQOMTSS----SPVSCYATGFYPNRAEMLWRKDGVETHDG-VEKGEILPNNDGTFQMSVELTLS--ASEDWT----KYDCVFQLSGVDKDLVIPL
orlaUBA*0201: VPPSVSLLQKSSS----SAVSCHATGEYPDRAELLWRRDGEEIHEG-VEKGQILPNNDGTFQOMSVDLQPP--SGEDMQ----RYECVFQLSGVKEDVITKL
orlaAB450991: VLPSVSLLQKSSS----SAVSCHATGEYPDRAELLWRRDGEEIHEG-VEKGQILPNNDGTFQOMSVDLQPP--SGEDMQ----RYECVFQLSGVKEDVITKL

icpuAY008848: VRPEVSLFQEEES---SPEVVCHATGFFPKTVMITWQKDGEDVHED-VELRETLPNQODGSFQKRSILTVS---AEDLQKH--TYTCVIQHSSLEKEIVLNQ
icpuAF053546: VPPTASVEQEEES---SPEVVCHATGFFPKTVMITWQKDGEDVHED-VELRETLPNQODGSFQKRSILTVS---AEDLQKH--TYTCVIQHSSLGKEIVLPV

orniACQ83468: DVPKVSLLQKTSS----SPVSCHATGEYPNRAEMVWKKDGVEFHDG-VHKGEILTNNDGTFOMTVNLDVSSVKPEDWD----RYTCVFQLSGVNEDIVTRL
cycax91022 : VSPQVSLLQKDPS----SPVMCHTTSEFYPSGVTITWQKNGQDHDED-VALGELIINEDGTFQRASTLNVK---PEEWKNN--KFSCVVEHQG--KTIREIL
cycax91015 : VSPQVSLLQKDPL----SPVTCHTTGEYPSGVTITWQKNGQDHDED-VDLGELIINEDGTFQRASTLNVK---PEEWKNN--KFSCVVEHQG--KTIREIL
cycaAB018581: VSPQVSLLQKSSS----SSVTCHATGEYPKEVTVSWQKNGQDHDED-VYLGELLPNEDGTFQKTSTITVT---PEELKKN--EFSCVVEHQG--KTIREIL
darez46777 : VSPQVSLLQKSSS----SPVVCHVTGEFYPSGLKISWQRNGQDHDED-VELGELIPNEDGTYQRTSTLNVK---PEEWKKD--KFSCVVEHQS--KTINSIL
dareUGA : DAPEVFMLQKDPS----SPVVCQATGEYPSNIMMTWOQKNKEEHFED-VDVGATLTNADGTFQKTVTLSVK---PEEWKNNKEAYRCVVQHVGAKNDVIVTV
GAl : ERPSVSLLOKTPS----SPVSCHATGEYPDRADLFWRKDGEELHED-VDLGEILPNHDGTFQMRVDLKLSSVPAEDWR----RYDCVFQLSGVDEDIVTKL
GAl2 : ERPSVSLLOKTPS----SPVSCHATGEYPDRADLEFWRKDGEQLHED-VDLGEILPNHNGTFQMRVDLKLSSVPAEDWR----RYDCVFQLSGVDEDIVTKL
GAl7 : ERPSVSLLOQKTPS----SPVSCHATGEYPDRAALFWRKDGEELHED-VDLGEILPNHDGTFQMRVDLKLSSVPAEDWR—----RYDCVFQLSGVDEDIVTKL
GA20 : ERPSVSLLQKTPS----SPVSCHATGEYPHRAALFWRKDGEQLHED-VDLGEILPNHDGTFQMRVDLKLSSVPAEDWR—----RYDCVFQLSGVDEDIVTKL
GM1 : ERPRVSLLQORSPS----SPVVCHATGEYPDRVVVEWRRDGQELHEQ-VDPGEVLPNHDGTFQVSVDENLKAVPQEDWG—----RYECVVQLKGI-EDISTRL
GM26 : ERPRVSLLQRSPS----SPVVCHATGEYPDRVVVEFWRRDGQELHEQ-VDPGEVLPNHDGTFQVSVDLNLKAVPQEDWG—----RYECVVQLKGI-EDISTPL
GM35 : ERPRVSLLORSPS----SPVVCHATGEYPDRVVVEFWRRDGQELHEQ-VDPGEVLPNHDGTFQVSVDLNLKAVPQEDWG—---RYECVVQLKGI-EDISTPL
GM54 : DRPRVSLLQRSPS----SPVVCHATGEYPDRVVVEFWTRDGQELHEQ-VDPGEVLPNHDGTFQVSVDLNLKAVPOQEDWG—---RYECVVQLKGI-EDISTPL

Manually curated amino acid alignment of selected U lineage alpha 1 domain sequences (defined through phylogenetic clustering) used to produce phylogenetic tree shown in main text
Figure 3 and Text S3b and ¢. Numbering above the alignment refers to mature HLA-A2. Amino acids are colored according to physiochemical properties. Gaps shown with a dash are
introduced to optimize the alignment using the human sequence HLA-A2 as a reference. Alpha 1 and alpha 2 domain lineages as defined by Kiryu et al.[main text reference 57] and
expanded upon by Nonaka et al. [main text reference 13] are shown on the right hand side of each sequence. Conserved N-linked glycosylation sites are underlined. Strands (S) and
helixes (H) for the HLA-A2 sequence are underlined in red. HLA-A2 positions known to be involved in peptide anchoring are shaded red and residues contributing to the six pockets are
labelled A through F [main text references 1 and 3] are indicated above the alignment. As the leader sequence is missing in many sequences, we cannot predict the first amino acid of the
alpha 1 domain and this residue is therefore only shown for HLA-A2. Species are reflected in sequence names as follows: sasa is Salmo salar (Atlantic salmon), onmy is Oncorhynchus
mykiss (rainbow trout), satr is Salmo trutta (brown trout), pore is Poecilia reticulata (guppy), orla is Oryzias latipes (medaka), GA is Gasterosteus aculeatus (stickleback), GM is Gadus
morhua (cod), onne is Oncorhynchus nerka (sockeye salmon), cyca is Cyprinus carpio (common carp), dare is Danio rerio (zebrafish), meam is Megalobrama amblycephala (Wuchang
bream), chst is Channa striata (snakehead), icpu is Ictalurus punctatus (catfish), orni is Oreochromis niloticus (tilapia), Eel is Anguilla japonica, sturgeon is Acipencer sinesis,
paddlefish is Polyodon spatula, and shark is Squalus acanthias (spiny dogfish). An asterisk in the sequence name refers to an UBA allele. Lineage specific residues are shaded yellow
and unusual cysteines are shaded cyan. Sequence references are shown either in the alignment, in S3b or in legend to main text Figure 2. A solid line is used to separate sequence groups
and/or species.
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Text S3. Additional U lineage data

Text S3bla. Phylogenetic tree of all deduced stickleback
and more cod U lineage alpha 1 domain amino acid
sequences

The tree of deduced sequences from the nine U alpha 1 domain lineages is based on
hand-made alignments shown in S3a and produced using MEGAS5 with Neighbor-
joining P-distance and pairwise deletions (See S3b1b for details). The tree is an
expansion of the tree show in main text Fig.3 including more stickleback and
Atlantic cod sequences. Bootstrap values (in percentage) from 1000 trials are shown.
Alpha 1 domain lineages as defined by Nonaka et al. and Kiryu et al. [main text
reference 13 and 57] are shown using colored shading. The tree is rooted using the
human HLA-A2 and shark sequences. Sequence names mostly reflect Latin species
names where stickleback GA is Gasterosteus aculeatus, cod GM is Gadus morhua,
rainbow trout is Oncorhynchus mykiss , Atlantic salmon is Salmo salar, brown trout
is Salmo trutta, sockeye salmon is Oncorhynchus nerka , catfish is Ictalurus
punctatus, tilapia is Oreochromis niloticus, zebrafish is Danio rerio, carp is Cyprinus
carpio, guppy is Poecilia reticulata, Wuchang bream is Megalobrama
amblycephala, medaka is Oryzias latipes, snakehead murray is Channa striata, eel is
Anguilla japonica , paddlefish is Polyodon spatula, sturgeon is Acipenser sinensis
and shark is Squalus acanthias (spiny dogfish). Sequence GenBank references are as
follows: Atlantic salmon: UBA*0101 AAN75113, UBA*0201 AF504023,
UBA*0701 AAN75109, UBA*0801 AAN75115, UBA*0901 AAN75119, UBA*1001
AAN75118, UBA*1401 AAN75110, UBA*4001 AEW27162, UGA ACX35601.
Rainbow trout: UBA*101 AF287483, UBA*401 AF287487, UBA*0501 AAG02508,
UBA*0901 AAG02512, UBA*4501 AY278451, UBA*4701 AY278449, UBA*4801
AF318188, UBA*4901 AF318190. Brown trout: UBA*0101 AF296374, UBA*0701
AF296380, UBA*0801 AF296381, UBA*0901 AAG02528, UBA*1001 AF296383
and Sockeye salmon: UBA*0101 KM085986, UBA*0201 KM085987, UBA*0310
KM085988 and UBA*0401 KM085989. Medaka: UAA*0202 AB450991, UBA*0201
BAB83850.2. Zebrafish: UGA NM_200585, Paddlefish (Polyodon spatula):
UBA*01 ACV87421 and UBA*03 ACV87423 and Atlantic cod: GM1
AGV52778.1, GM10 AGV52769.1 , GM11 AGV52768.1 , GM12 AGV52767.1,
GM24 AGV52755.1 , GM26 AGV52753.1, GM35 AGV52744.1, GM41
AGV52738.1, GM49 AGV52730.1, GM54 AGV52725.1 , GM58 AGV52721.1,
GM62 AGV52717.1, GM83 AGV52696.1, GM90 AGV52689.1 , GM93
AGV52686.1, GM98 AGV52681.1, GM100 AGV52657.1, GM104 AGV52653.1,
GM120 AGV52672.1, GM125 AGV52667.1. Stickleback: GA1-GA3O0 references
are shown in text S2 while the Human HLA-A2 reference is AAA76608.2.
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Text S3. Additional U lineage data

Text S3blb. Phylogenetic tree including more
selected teleost U lineage alpha 1 domain amino acid
sequences

Phylogenetic tree of selected U lineage alpha 1 domain sequences identified in
this study in addition to representative sequences from the eight defined
lineages (see main text and figure S3bla). The al-1l through al-VIII clades
and the stickleback and cod clades are collapsed and thus shown using a red
arrow. Although crude, sequences are here defined as classical, nonclassical or
unknown based on identity to the HLA-A2 peptide anchoring residue motif of
YYRTKWYY as follows: Sequences complying with 6 or more of these eight
residues are considered potentially classical and shown using red font,
sequences with 4 or less are considered nonclassical and shown using green
font. Sequences with 5 of these residues, in addition to those with incomplete
alpha 2 domains are shown using black font. The majority of sequences here
defined as non-classical cluster with the tilapia UBA1/2 and UAA1 sequences
(Genbank AB270897) defined as a separate alpha 1 domain lineage by Nonaka
et al., 2011 [main text reference 13] here denoted lineage 1X.

Sequences originate from the following species: Atlantic salmon is
Salmo salar, rainbow trout is Oncorhynchus mykiss, brown trout is Salmo
trutta, guppy is Poecilia reticulata, tilapia is Oreochromis niloticus, medaka
is Oryzias latipes, tetraodon is Tetraodon nigroviridis, fugu is Takifugu
rubripes, stickleback is Gasterosteus aculeatus, paddlefish is Polyodon
spatula, sturgeon is Acipenser sinensis, platyfish is Xiphophorus maculatus
and shark is spiny dogfish (Squalus acanthias). AM27 is a cavefish (Astyanax
mexicanus) sequence.

Sequence references are shown in main text Fig.3, in legend to S3b1a,
in the figure or in Additional file 4: Text S2. The tree is based on hand-made
alignments of alpha 1 domain sequences as shown in S3a and the evolutionary
history was inferred using the Neighbor-Joining method [main text reference
95]. The percentages of replicate trees in which the associated taxa clustered
together in the bootstrap test (1000 replicates) are shown next to the branches
[96]. The tree is drawn to scale, with branch lengths in the same units as those
of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the p-distance method [97] and
are in the units of the number of amino acid differences per site. All
ambiguous positions were removed for each sequence pair. Evolutionary
analyses were conducted in MEGAS [98].
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Text S3. Additional U lineage data

Legend SF3b.1c Phylogenetic distribution of U lineage al domains

Species with sequenced genomes where we have analysed presence
of U lineage al (U-al) domains in available genomes and
transcriptomes are shown with red font. Species with limited
genome and/or transcriptome resources where search and analyses
have been restricted to certain lineages are shown with black font.

Lineages of alpha 1 domains as defined by Kiruy et al., 2005 [main
text reference 57] and Nonaka et al., 2011[main text reference 13]
are shown in parenthesis after the species name. Here we have
defined the additional lineage from Nonaka et al., 2011 [main text
reference 13] as lineage IX. Sequences can be found in additional
file 4:Text S2.

Dotted lines relate to phylogenetic branch knots where the
referenced literature was not informative on the absolute time of the
event. References to phylogenies can be found in legend to main
text Figure 1. In primitive bony fish our use of “U lineage”
terminology does not refer to an actual pure lineage that is fully
separate from some of the nonclassical lineages.
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Text S3. Additional U lineage data

Text S3b2. Phylogenetic tree of deduced U
lineage alpha 2 domain amino acid sequences

Sequence references are shown in main text Fig.3 or in legend to
S3bla. The tree is based on hand-made alignments of alpha 2
domain sequences shown in S3a and the evolutionary history
was inferred using the Neighbor-Joining method [main text
reference 95]. The percentages of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches [96]. The tree is
drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the p-distance
method [97] and are in the units of the number of amino acid
differences per site. All ambiguous positions were removed for
each sequence pair. Evolutionary analyses were conducted in
MEGADS [98].

Alpha 2 domain lineages are shown using green, red and
blue colored boxes. The tree is rooted using the human HLA-A2
sequence. Here we use proper MHC nomenclature for the
sequences as follows: Satr is Salmo trutta (brown trout), sasa is
Salmo salar (Atlantic salmon), onmy is Oncorhynchus mykiss
(rainbow trout), orla is Oryzias latipes (medaka), orni is
Oreochromis niloticus (Nile tilapia), pore is Poecilia reticulata
(guppy), dare is Danio rerio (zebrafish), icpu is Ictalurus
punctatus (catfish), cyca is Cyprinus carpio (common carp) and
meam is Megalobrama amblycephala (Wuchang bream).
Additionally GM is Gadus morhua (Atlantic cod) and GA is
Gasterosteus aculeatus (stickleback).
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—Eaddleﬁsh UBA*01
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Shark
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Text S3. Additional U lineage data

Text S3b3. Phylogenetic tree of
deduced U lineage alpha 3 domain
amino acid sequences

The tree is based on hand-made alignments of alpha
3 domain sequences shown in S3a and produced
using MEGAS with Neighbor Joining P-distance
and pairwise deletions (see legend to S3bla for
details). Bootstrap values in percentage from 1000
trials are shown. The tree is rooted using the human
HLA-A2 sequence. Bootstrap values showing
phylogenetic clustering of sequences is highlighted
in bold. Sequence Genbank accession numbers not
shown in the figure, can be found in main text Fig.2,
legend to Text S3b1 and in additional file 4: Text
S2.

Satr is Salmo trutta (brown trout), sasa is
Salmo salar (Atlantic salmon), onmy is
Oncorhynchus mykiss (rainbow trout), orla is
Oryzias latipes (medaka), orni is Oreochromis
niloticus (Nile tilapia), pore is Poecilia reticulata
(guppy), dare is Danio rerio (zebrafish), icpu is
Ictalurus punctatus (catfish), cyca is Cyprinus
carpio (common carp) and meam is Megalobrama
amblycephala (Wuchang bream). Additionally GM
is Gadus morhua (Atlantic cod) and GA is
Gasterosteus aculeatus (stickleback).
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Text S3cl. Lineage distribution of Salmonid alpha 1 domain alleles
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satr*2501
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46
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50

satr*2101

Text S3. Additional U lineage data

Summary of salmonid alpha 1 domain lineage distribution among 132 UBA alleles based upon phylogenetic analyses (data not shown). Within lineage sequences with 98% amino acid
identity or higher are boxed and color shaded. Atlantic salmon and rainbow trout sequences are taken from the IPD-MHC database (http://www.ebi.ac.uk/ipd/mhc/fish/index.html) with

the exception of the rainbow trout sequences: onmyUBA*4501 AY278451, onmyUBA*4701 AY 278449, onmyUBA*4801 AF318188, onmyUBA*4901 AF318190 and the Atlantic

salmon sequences sasaUBA*3501 AEQ27776.1, sasaUBA*3601 AEQ27777.1, sasaUBA*3701 AEQ27778.1, sasaUBA*3801 AEQ27779.1, sasaUBA*3901 AEQ27780.1 and

sasaUBA*4001 AEW27162.1. Brown trout (satr, Salmo trutta) sequences are taken from O'Farrell et al. [O'Farrell B, Benzie JAH, McGinnity P, de Eyto E, Dillane E, et al. (2013)

Selection and Phylogenetics of Salmonid MHC Class I: Wild Brown Trout (Salmo trutta) Differ from a Non-Native Introduced Strain. PLoS ONE 8(5): e63035.
doi:10.1371/journal.pone.0063035] and the GenBank sequence accession numbers are: satrUBA*0101 AAG02520.1, satrUBA*0201 AAG02521.1, satrUBA*0301 AAG02522.1,

satrUBA*0401 AAG02523.1, satrUBA*0501 AAG02524.1, satrUBA*0601 AAG02525.1, satrUBA*0701 AAG02526.1, satrUBA*0801 AAG02527.1, satrUBA*0901 AAG02528.1,
satrUBA*1001 AAG02529.1, satrUBA*1101 CAK18614.1, satrUBA*1201 CAK18615.1, satrUBA*1301 CAK18616.1, satrUBA*1401 CAK18617.1, satrUBA*1501 CAK18618.1,
satrUBA*1601 CAK18619.1, satrUBA*1701 CAK18620.1, satrUBA*1801 CAK18621.1, satrUBA*1901 CAK18622.1, satrUBA*2001 CAK18623.1, satrUBA*2101 CAK18624.1,
satrUBA*2201 CAK18625.1, satrUBA*2301 CAK18626.1, satrUBA*2401 CAK18627.1, satrUBA*2501 CAK18628.1, satrUBA*2601 CAK18629.1, satrUBA*2701 CAK18630.1,
satrtUBA*2801 CAK18631.1, satrUBA*2901 CAK18632.1, satrUBA*3001 CAK18633.1, satrtUBA*3101 CAK18634.1. The Sockeye salmon (onne, Oncorhynchus nerka) sequences

onneUBA*0101 KM085986, onneUBA*0201 KM085987, onneUBA*0301 KM085988 and onneUBA*0401 KM085989 are from an ongoing work (unpublished data).
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Text S3c2. UBA alpha 1 domain lineages and sequence identity within and between salmonid species

Text S3. Additional U lineage data

Total # alleles # Salmon # Trout # Brown trout | Salmon-Trout | Trout-BrownT | Salmon-BrownT Overall % ID
I 50 18 18 14 79-97 % 70-94 % 70-94 % 70-97 %
(6; 80-97%) (9; 82-95 %) (10; 75-93%)
Il 7 2 3 2 92-94 % 90-95 % 95-97 % 90-97 %
(1) (1) (2, 95%)
11 15 11 3 1 7291 % 67 % 67-80 % 67-91 %
(3; 69-86 %) (1)
v 10 1 6 3 90-93 % 88-92 % 95% 88-95 %
(3; 93-100%) (1)
\% 25 11 6 8 67-88 % 71-94 % 65-97 % 65-97 %
(2; 73-100 %) (3; 75-100 %) (5; 69-100 %)
Vi 12 7 3 2 89-91 % 83-93 % 78-97 % 78-97 %
(1) (2; 93 %) (2; 82 %)
Vil 4 1 3 0 95-97 % 0 0 95-97 %
(1)
Vil 5 0 5 0 0 0 0 99-100 %
(1)
GA 25 56-97 %
Cod 20 selected 53-99 %

Number of alleles within each alpha 1 domain lineage for each of the three salmonid species Atlantic salmon (Salmon, Salmo salar), Rainbow trout (Trout, Oncorhynchus mykiss) and

Brown trout (BrownT., Salmo trutta). Treating sequences with % identity of >98% as identical reduces the number of unique sequences here shown in parenthesis with sequence identity

range for each species and each lineage. The stickleback (GA) and cod sequences are not allelic and thus shaded grey. Sequence references can be found in Text S3c.1.

15



Text S3. Additional U lineage data

Text S3d. Exon intron structure of Stickleback gene GA20 (scaffold _58:823.000-837.000)

Many of the stickleback U-lineage ESTs and predicted genes show differences in the transmembrane and cytoplasmic domains. We thus investigated the
exon intron structure of stickleback genes and found that some ESTs have sequences either lacking a transmembrane domain or using one or both of the
two different exons encoding the cytoplasmic domain (exons 6 and 7). Both exon 6 and exon 7 sequences are found in most ESTSs, but with the exception
of one EST (DW676054.1), exon 7 is not part of the translated protein due to a stop codon in exon 6. The exon 7 sequence contains a potential endosomal
sorting motif similar to that found in Atlantic cod sequences, YGSS/F (see alignment text S3e + g). Adding to the complexity, exon 7 is also used in
another reading frame in one EST (DN715043.1 in S3e and additional file 4: Text S2). The gene structure of GA20 is shown below including the exon 6
and exon 7 sequences and their potential translations.

Genomic DNA scaffold_58:823.000:837.000 (reverse complement) vs GA20 mRNA.

Exon 1: 961-1030 (genomic); 1-70 (mMRNA)

961 GGACGTTAAAATGCGACTTGTCGGGGCGGAGATCTCGGTTCTGTCTCTCC

FEEEEErr e e e et
1 ATGCGACTTGTCGGGGCGGAGATCTCGGTTCTGTCICTCC
M R L V G A E I S V L s L

1001 TGATGATGAGCCTTCACGGCGCTGCAGCACGTGAGTTGAC

FEEEEEErErr et
41 TGATGATGAGCCTTCACGGCGCTGCAGCAC
L M M S L H G A A A

Exon 2: 2623-2889 (genomic); 71-337 (MRNA)

2623 TTGGTTCCAGTGACTCACTCGCTGAAGAATTTCGACACTGCGTCCTCTGG

FEEEEErr et r e e et
71 TGACTCACTCGCTGAAGAATTTCGACACTGCGTCCTCTGG
L T H S L K N F D T A S S G

2663 AGTCCCAAACTTCCCAGAGTTTGTGAATGTTGGGCTGCTGGATGAAGTTG
FErrrrrrrrrrerrrerrrerrrrrrt et ettt et e

111 AGTCCCAAACTTCCCAGAGTTTGTGAATGTTGGGCTGCTGGATGAAGTTG
v P N F P E F V N V G L L D E V

2713 AGATGTTTCACTATGACAGTAACACCACGAGAGCAGAACCCAAACAGGAC

lel AGATGTTTCACTATGACAGTAACACCACGAGAGCAGAACCCAAACAGGAC

16



2763

211

2813

261

2863

311

TGGATGAGCAGAGTCATAGAGGACGATCCTCAGTACTGGAAGAGGCAGAC
FErrrrrrrrrrerrrerrrerrr ettt et et et e

TGGATGAGCAGAGTCATAGAGGACGATCCTCAGTACTGGAAGAGGCAGAC
w M S R VvV I E D D P Q Y W K R QO T

TGAGAAGTCTATGAACGCCCAGCAGGTCTTCAAAGTCGACATTGGAACAG

FErrrrrrrrrrerrrerrrerrr ettt et et et e

TGAGAAGTCTATGAACGCCCAGCAGGTCTTCAAAGTCGACATTGGAACAG
E K s M N A Q Q V F K Vv D I G T

CAAAACGACGCTTCAACCAAACTGGAGGTTTGTTTAT
FETTEETTErrr ettt
CAAAACGACGCTTCAACCAAACTGGAG

A K R R F N O T G

Exon 3: 12023-12300 (genomic); 338-615 (MRNA)

12023

338

12063

378

12113

428

12163

478

12213

528

TCTCTCTCAGGTGTCCACATTGTCCAGTTGATGATCGGATGTGAATGGGA
FEETEErr ettt ettt el
GTGTCCACATTGTCCAGTTGATGATCGGATGTGAATGGGA
G vH I V. 0 L M I G C E W D

TGATGTGACCAATGAGGTCAAAGGTTATAATCAGTATGGTTATGATGGAG

FErrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrre

TGATGTGACCAATGAGGTCAAAGGTTATAATCAGTATGGTTATGATGGAG
DV T N E V K G Y N Q Y G Y D G

AAGACTTCATATCATTTGACCTGCAGACAGAGCAATGGATCGCTCCAAAA
FErrrrrrrrrrrrrrrrrre ettt et et et r e
AAGACTTCATATCATTTGACCTGCAGACAGAGCAATGGATCGCTCCAAAA
E D F I S F DL O T E Q W I A P K

CAGCAGGCTGTCCTCACCAAACAGAAGTGGGATCATAACAGAGCTCTGAA
FErrrrrrrrrrrrrrrrrre ettt et et et r e

CAGCAGGCTGTCCTCACCAAACAGAAGTGGGATCATAACAGAGCTCTGAA
¢ AV L T K 0 K W D H N R A L K

AGCACACGACAAGAACTACCTGACTCATGTGTGTCCTGAGTGGCTGAAGA

FEErrrrrrrrrrrrrrrrrer ettt ettt

AGCACACGACAAGAACTACCTGACTCATGTGTGTCCTGAGTGGCTGAAGA
A H D K N Y L T H V C P E W L K

Text S3. Additional U lineage data
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12263

578

AGTACTTGAACTACGGGAGGAGCTCTCTGATGAGAACCAGTAGGATCA
FEEEErrrrrrrrrr ettt et e
AGTACTTGAACTACGGGAGGAGCTCTCTGATGAGAACC

K vy L. N Y G R S S L M R T

Exon 4: 12776-13073 (genomic); 616-913 (MRNA)

12776

616

12816

656

12866

706

12916

756

12966

806

13016

856

13066

906

TCTGTCTCCAGAGCGTCCCTCGGTGTCTCTCCTCCAGAAGACTCCCTCCT
PErrrrrr ettt e el
GAGCGTCCCTCGGTGTCTCTCCTCCAGAAGACTCCCTCCT
E R P S V S L L Q K T P S

CTCCAGTCAGCTGCCACGCTACAGGTTTCTACCCCCACAGAGCCGCCCTC
Prrrrrrrrrrrrrrr et et et ettt
CTCCAGTCAGCTGCCACGCTACAGGTTTCTACCCCCACAGAGCCGCCCTC
s p Vs C H A T G F Y P H R A A L

TTCTGGAGGAAAGATGGAGAGCAGCTCCATGAGGACGTGGACCTCGGAGA
Prrrrrrrrrrrrrrr et et et ettt

TTCTGGAGGAAAGATGGAGAGCAGCTCCATGAGGACGTGGACCTCGGAGA
F W R K D G E 0 L H E D V D L G E

GATCCTCCCCAACCACGACGGGACCTTCCAGATGAGGGTTGACCTGAAAC

PEErrrrrrrrrrrrrrerr e rr e e e e

GATCCTCCCCAACCACGACGGGACCTTCCAGATGAGGGTTGACCTGAAAC
I L PN HDGTTF QMU RV D L K

TGTCCTCCGTCCCTGCTGAAGACTGGAGGAGGTACGACTGTGTGTTCCAG
LEErrrrrrrrrrrrrrerr e rrrrr e e e e
TGTCCTCCGTCCCTGCTGAAGACTGGAGGAGGTACGACTGTGTGTTCCAG
L S sV P AEUDWI RI RYDCV F Q

CTGTCTGGTGTGGACGAGGACATCGTCACCAAACTGGACAAGACCAGGAC
PEErrrrrrrrrrrrrrerr e rr e e e e

CTGTCTGGTGTGGACGAGGACATCGTCACCAAACTGGACAAGACCAGGAC
LS GV DEWDTIVTIKLDIKTRT

CAACACGGGTAGGTCTGA
NERRRN
CAACACGG

N T

Text S3. Additional U lineage data
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Exon 5: 13667-13774 (genomic); 914-1021 (mRNA)

13667 TGCTCCACAGAGAAGCCTGCTGGCTCCACCTTCATCATCATCATCATCAT
LEEEErrrrerr et e et r e et
914 AGAAGCCTGCTGGCTCCACCTTCATCATCATCATCATCAT
E XK P A G S T F I I I I I I

13707 CGCTGTGGCTGTTCTITGTCGTCATCATCGCTGCTGTGGTTGGATTCAAGG
LEErrrrrrrrrrrrrrerr e e et r e e e

954 CGCTGTGGCTGTTCTTGTCGTCATCATCGCTGCTGTGGTTGGATTCAAGG
AV AV L VvV V I I A A V V G F K

13757 TTTACAGAAAGAGGAAC G gtgagagaga
FIETETET et |

1004 TTTACAGAAAGAGGAAC G
V Y R K R N

Exon 6: 14118-14185 (genomic); 1022-1089 (MRNA)

14118 tttatttcag CCAAATACTCTTCAGCCAAATGTCCTTCTGACAAATCCGA
CEEEEErrrr et e e e e e e ey
1022 CCAAATACTCTTCAGCCAAATGTCCTTCTGACAAATCCGA
A K Y S S A K C P S D K S E

14158 AGAAGAGAGTCTCTCAGGGACAAACTGAACCCTAAACC
FEEEEEEErrrrr e e et
1062 AGAAGAGAGTCTCTCAGGGACAAACTGA
E E S L S G T N *

Text S3. Additional U lineage data
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Text S3e. Alignment of deduced stickleback U lineage amino acid sequences

Text S3. Additional U lineage data

Stickleback U lineage sequences with ORF error or one domain only are not included i.e. GA3, GA7 and GA29. Dots indicate identity while dashes indicate gaps apart

from the 3' region where all residues are shown. Numbering according to the mature HLA-A2 sequence is shown below the alignment while amino acids in HLA-A2
peptide anchoring positions are indicated above the alignment and with red shading in the HLA-A2 sequence. Star defines stop codon. Potential endosomal sorting
motif in stickleback exon 7 is shaded yellow. Abbreviations are as follows: CP is connecting peptide, TM is transmembrane region and CYT is cytoplasmic domain.

The GenBank sequence references for human HLA-A2 is AAA76608.2 while sequences with references for the remaining sequences can be found in Additional file 4:

Text S2.

GAl
GA2
GA4
GA9
GA12
GAl4
GA17
GA20
GA22
GA24
GA UAA
GA10
GA13
GA23
GA26

GA_DW035296:
GA_DN658147:

GA27

GA_DW039424:

GA8
GAll
GA_UBA
GA_UAC
GA5
GA30
GA16
GA19
GA15
GA21
GA25
GA28
HLA-A2

Exon 1 (Leader sequence)

Exon 2 (Alpha 1 domain)
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Text S3. Additional U lineage data

Exon 3 (Alpha 2 domain)
Y/R84 T KW147
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GA4 .GH.. ceeeeas AL .R e e e e - .0 Ri........ 174
GA9 : . T S ....NO.. : 150
GAl2 : .ON ..BEL. . RO .R . ELLLRLL 2 173
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Text S3. Additional U lineage data

Exon 4 (Alpha 3 domain)
Y159 Y171
GAl : GKKNYLTHVCPEWVKKYLNYGRSSLMRTERPSVSLLQKTPS---SPVSCHATGEFYPDRAD RKDGEELHEDVDLGEI LPNHDGT : 260
GA2 : RT.HR. .QE. .. .. S e e e e e e e e e e e e .. e e e e e e e e e e e e e : 257
GA4 : K.QN.. e e B e e e e S A e e e e e : 261
GA9 : e LELLLGLL L E LS e e e e e JHO AL L., e e e e e : 237
GAl2 : D.T..NNDC..PF.GRYLN e e e e e e e e e e e e e e e e e e e e e e Q. v, ...N.. : 260
GAl4 : .D R.. S T . S e e e e ——— e ... NL L O : 236
GAl17 : K.H...S. ... . SL. T et e i e e ——— e S A e e e e : 260
GAb6 : .D...R. .QT.R. S e e e e S A e e e e e : 139
GA20 : K.HD.. e e .. e e e e e e e e e e e JHO AL Lol (R : 260
GA DW664617: T.HW. . e GLL L. S e e e ——— e oS O : 159
GA22 : .K..ED.. ee....GL.. B, e ——— e e e e O : 236
GA24 : R.. e e .. . e e e e ——— e el AL i, e e e e e e : 261
GA UAA : K.H...S. ... . SL T e e e et e e e e e e e e e e e e e e e : 260
GA DW676150: .E..HR.. e e B e e e S A (O : 139
GA10 : D.T..NNG .DF.GRYLN e e e e e e e e e e e e e e e e e e e e e e e O e e et e e e e e e e 171
GA13 : K. .HW.. ee....GL.. 1S S e e e e e e e JHO AL Lo oL O e e et e e e e e e e : 260
GA23 : e e e LCHOS oo e e e e ——— e e e e e e e e e e e e e : 260
GA26 : .Q..0QON.. LELLLGLL . e e e e e e e e JHO AL oo, e e e e e : 238
GA DW035296: .R...... e e .. e e e e e e e e JHO AL oo, e e e e e : 193
GA DN656534: B e e e o, e e e e e : 151
GA DN658147: ON. . e e e e S A e e e e e : 197
GA DN715043: K..YN. .R..A.GL.. o, e e e S A R.......E......... : 159
GA27 i e e e e e e S e e e e e e : 167
GA DW039424: .DK.VR.. e e .. e e e e e e S s O : 251
GAS8 : e ce....GL.. S e e e e e e e e ——— e ce ALl e e e e e e 237
GAll : e CELLLGLL . 1S 2 Y ——— e ce ALl e e e e e e : 238
GA_UBA : K.ON.. ee....GL.. [ 2 e e e e e e e e e e e e e e e e e e e e e e e e : 260
GA UAC : N.. . e .. e e e e e LHO ALV oL e e e e e e : 260
GAS : e ee....GL.. e e e e e e e e e e e e e e e : 256
GA30 : E N.. CEL L. .. e e e e e e e e e e e e e e e e CHO AL Lo O e et i e e e e e e : 179
GAlo6 : DK.E .. .DE.A.GL.T RS P O e e e e e e e e e ALl oo e e e e e e e e e : 238
GA19 : DK.HW. . e e .. e e e e e e e e e e e e e e e e ce..S S : 260
GA1S5 : K.H... ee....50.. e e e e e e S s O : 260
GA21 : K.HD.. e e .. e e e e e e JHO AL o O : 260
GA25 T : -
GA28 T : -
GA7 : T.QON.. YE.L..SLL.TL.K. ..., T T : 93
HLA-A2 : HVAEQLR I EGT.V. RR. EN.KET.Q..DA.KTHMTHH .DHEATLR. S AETT.T.QR. . .DQTQ.TE TR.OAG. .. @ 240
* 180 * 200 * 220 * 240
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Text S3. Additional U lineage data

Exon 5 (CP and TM)
DKTRTNR-—————=——— EKPAAST————— -— G 333
DKTRTNR-—————=——— EKPAGST--—-———————————— G 322
DKTRTNT—-=======—— EKPAGST-—-—-—- -= G 334
DKTRTNR-=-======—— EKPADST—-—---—- - G 311
DKIRTNT-—-————=——— EKPAASTSTS-11- G 338
DKTRTNT-—————=——— EKPAGSTSTS-T RR 315
NKTRTNT--—-——————-— EKPAGST—-—--—- G 335
DKTRTNT—-=======—-— EKPADST—-—-—--—- -—= G 211
DKTRTNT—-=======—-— EKPAGST—-—-—-—- -= G 333
DKTRTNR-—————=——— EKPADST—-—--—- -— G 232
DKTRTNR-—————=——— EKPAGST—-—--—- -— P G 309
DKTRTNR-————————— EKPAAST———-—- -———= G 332
DKTRTNR-======—=—=— EKPAGST—-—-—-—- -= G 333
DKTRTNT—-—-———=——=——-— EKPAGST—-—-—-—- -—= G 211
DKTRTNT-—-————=——— EKPADST———--—-— -——= G 55
DKTRTNTGRSETRSGEGEKPAGST—-—-—-—— - G 255
DKTRTNT-—-————=——— EKPAGST——--- -——= G 332
DKTRTNR=-======—=—=— EKPAAST—-———- -———= G 331
DKTRTNR=-======—=—=— EKPAGST—-—-—-—- -—= G 310
DKTRTNT-—-————=——— EKPADST———--—- -——= G 265
DKTRTNT-—-————=——— EKPAGSTSTS-TE- G 229
DKTRNNT-—-————=——— EKPAGST———--- -— G 270
DKTRTNT-—-—=——=——=— EKPAGST—==—-— -——= - G 230
DKTRTNT-—-—=——=——=— EXKPAGPPPPST-F——— -——= 240
DKTRDHR--=-——————- EKPAGST-—-———-———————"———"—————————————— 302
DKTRTNRGRSETRSGEGGKQTSTL——-—-—--— -—=T D -—-RLG- 316
DKTRTNTGRSETRSGEGGKQTSTLSTLCVLDLGSFVF L —===——————————— 313
DKTRTNTGRSETRSGEGEKP ST—-—-——- -——= - G 341
DKTRTNTGRSETRSGEGGKQTST [ —=====—=————— e —— — — 321
DKTRTNTGRSETR-—---E--A-ST—-—---—-— -———= G 330
DKTRTNTGRSETRSGEGEKPAGST———-—-— -——= G 261
DKTRTNT-—-—-———- DKFITHPFVNS————- -—-—-QVRALS G 313
DKTRTNT-—-—=——=——-— EKPAGSTST—-—-F—-—-—- G 333
DKTRTNR--- -~ —— ——— 304
DKTRTNA-=-==-—————-— EKPAGST—-—-—-—- G 335
EPSSQPTIP-—————————————————— G G G TG 308
280 * 300
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Text S3. Additional U lineage data

Exon 6 (CYT 1) Exon 7 (CYT 2)
GAl KVYRK-RN--KRPSSSS—-——-=-——-—-——- TVVSDGSEELNPKP-—-———-——- G N DOQ H HKLSTYGSSFI-—-—==———————— : 390
GA2 KVYRK-RN-AKRSSAKCPSS—-—---TDGSEESLRDKLNPKP—-————-——- G N DOOQ H HKLSIYGS— HLNV-=—==——— : 389
GA4 KVYRK-RN--KCSS-—-=-=-=-——- STDGSEESLRDKLNPKP-—-—-—==——— G N DOOQ H HKLSIYGS— HLNV-=—==——— : 396
GA9 KVHRK-RN-AQRSSAKPSSSSSASTDGSE--VTEELNPKP-—-—-———-—— G N DOQ H HKLSTYGSSFI-—-——=——==————— : 376
GAl12 KVYRK-RN-————— PN TALS---SEELNPKP-——-—-——--—- G N DOQ H HKLSTYGS— HLNV-==————— : 401
GAl4 KVH---RN-AKRSS-—-===-——- ST————- EVSEELNPKP-————-—-—- G N DOQ H HKLSIYGSSFI-—-—==———————— : 367
GAl17 KVYRTVRE-AQRSSSSSSS———-—- TDGSE--VSEEVNPNP—-————-—-—- G N DOOQ H HKLSTIYGS— NV—=—==——— : 400
GAb6 KVYRKRNVSAQRSSSSS———-—— STDGSE--LSEELNPKP--——-—-—-—--"—"""""""""""""""""""—" "\~ —(—(—(—(————————————— : 244
GA20 : KVYRK-RN-AKYSSAKCPS———-—--- DKSEEESLSGTN-—-—-===————— G N DOQ H HKLSIYGSSFI-—-—==———————— : 391
GA_DW664617: KVYRK-RN-AKYSSAKCPS—————-- DKSEEES[SGTN---—————————=———— = —————— — — ——————— — — ———————————————— : 261
GA22 KVHRN-RN--KRPSSASSSSS-ASTDGSE--LSEELNPKP—-————-——- GSWVN DOO H HKLSIYGSSFI-=====——————— : 372
GA24 KLYRN-RN-AKPSSSSS——-—-—— STEGSE--VTEELNPKP--—-—-=——— G N DQQANMPH HKLSIYGSSFI-=====——————— : 392
GA UAA KVYRE-RN-AKHSSSSSSS---AVGSEL--———=——=———————————— G N DQO H HKLSIYGS—- HLNV-=—==——-— : 389
GA_DW676150: KVYRK-RN-AKRSPSSS—-—=————- TVGSE--LSEELNPNP*-SRRPAHS N DQO H HKLSIYGSSFIQTSESGLVNIWK : 288
GA_DW676054: KLYRK-RN-AKPSSSSS——-—-—— STDGSE--VTQELNPKP-RSRRPAHS N DQQANMPH HKLSIYGSSFI-=====——————— : 122
GA10 KVHRK-RN-=-——===== = e — - G N DOO H HKLSTYGS- HINV-===———~— : 295
GA13 KVYRK-RN-GESSSSSSSS———-—-- TDGS--DVTEEl —-—========= === ———— - m : 359
GA23 KVHRN-RN-GESSSSSS——-—-—— STDGS--ELSEE[ -———=====—=——— == — : 358
GA26 : KVHRK-RN-AKPSSSSS———-—-- TTDGS--DVTEELNPKP-—-—=====-=--—— = : 341
GA_DWO35296: KLYRK-RN-AKPSSSSS——-—-—- STDGS--EVTQEINPKP-- - - - - - — - ———— —— : 2906
GA_DN656534: KVYRK-KN-AKCSSAKPSSSS-ASTDDS--EVTEELNPYPSDKFEEERLSGTN---——————-—""-"————-—- - ————————— : 277
GA_DN658147: KVYRN-RN-AKYSSVQCSSSSSSSGSNGGSDVTEGTES———=——=—=——————"—"—"—"—"—"—"—"—"——~—~——~—~—(———— ——— ————————————————— : 306
GA_DN715043: KVYRK-RN-AQRSSSSSSS———-—— GS--DVTEELNPKPLKLASCTQFMGECCSGSTSDAPHSSP-—-———-——--—-——————————————— : 287
GA27 : SAK-—-RSAAKSPFSSAS———-—-—- TbGS--DVTEELNPK--—————-—-—-""""""""""""""""""" """ ———————— : 269
GA DW039424: --------- SSSSSSS SSSS GSRVTERRTPNSLSGN SALSSLKD-—-=====—=————————————————————— : 353
GA UBA KVHRK-RN---DDYLCSTPPPTVQESLTVRSCATKAAH DCTTAPVE SWISP EEDHRSRARAR—-—————==——————————— : 408
GAS : KVYRNRNAKCP---- 4>~~~ ———— : 341
GA30 : KVYRKRNGE--- """ ————— : 270
GAl6 KLY R~ RK = — = = m o o o : 320
GA19 KVYRK=RN=AQRSSAKNP I DKSEEER [ S TN === = = = = = m o o : 362
GA21 ? MVHRKRNGE R— === == = = o o o o e - : 345
HLA-A2 : RRKSSDRKGGSYSQAASSDSAQGS DV S LT ACK /== == = o o - 1 341

* 320 * 340



Text S3f. Stickleback seven exon genes

GA1

GAZ

GA4

GA9

GA12

GA14

GA17

70 267 279 297 108 66 88
NS ERSENRORC
1597 741 476 598 362 340
55 273 279 297 111 65 83
ASERSE
1117 2544 475 598 362 345
70 267 282 297 108 69 100
o
2421 3157 478 598 380 340
268 279 297 111 88 89
1
675 478 598 348 340
70 267 282 297 108 49 101
AR
2421 3157 478 598 237 356
265 279 297 119 56 90
N S ENSENROAL
728 474 598 374 339
268 279 297 119 74 101
L HA
728 474 598 343 337

Text S3. Additional U lineage data

70 267 278 298 108 68 89

6420 - B
1593 9134 476 594 344 354

265 279 297 102 84 89

GA22 S P S O S E
786 476 598 362 339

70 267 282 297 102 74 88

GA24 I— 2 - 3 | 4
1601 769 477 598 367 340

70 267 279 297 108 50 100

GaacUAA

EF375485.1 o N e
2657 2785 478 598 357 362

129 261 279 300 105 18 50

ssUBA 2 — 3 1 4 E
5348 >10kb 385 23 291 276

Overview of stickleback MHC | gene organization. Exons are numbered and
shown as boxes with exon size above and intron size below the gene. Exon 1
encodes the leader sequence, exon 2-4 encode alpha 1-3 domains, exon 5
transmembrane and exons 6 and 7 cytoplasmic domains. The green (exon 6)
and orange (exon 7) boxes are cytoplasmic domains without and with
endosomal sorting motifs respectively. Grey box is an incomplete leader
sequence. The GaacUAA gene information originates from a BAC sequence
[Schaschl H. & Wegner K.M. Contrasting modes of evolution between the
MHC class | genomic region and class Il region in the three-spined stickleback
(Gasterosteus aculeatus). Immunogenetics 59:295-304, 2007]. The GA10
gene lacks an alpha 1 domain and is not shown. Gene organization of the
salmon UBA locus is shown for comparison [Lukacs et al. Genomic
organization of duplicated MHC class | regions in Atlantic salmon. BMC

Genomics 8: 251, 2007].
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Text S3g. Alignment of deduced Atlantic cod MHC class | amino acid sequences

Text S3. Additional U lineage data

Numbering below the alignment relates to mature human HLA-A2 residues. Regions are depicted on top, where the cod exon intron structure is currently unknown, so predictions were
made using human and salmon sequences. Dots indicate identity and dashes are gaps introduced to maximize the alignment. Ten sequences were randomly selected for each of the two

cod clades defined by Malmstrgm et al.[main text reference 20] and shown separated by a solid line in the alignment. HLA-A2 peptide anchoring positions i.e. Y7, Y59, Y84, T143,

K146, W147, Y159, Y171 are shown below the alignment, and as a red shaded residue in the HLA-A2 sequence, where the Y84 is consistently R in teleosts and thus shown as Y/R84.

Residues in HLA-A2 known to contribute to the six pockets A through F [main text reference 1 and 3] are indicated above the alignment. Yellow shading shows endosomal sorting
motifs in the cytoplasmic domain as defined by Malmstrgm et al.[20]. GenBank accession numbers for 20 cod sequences are GM1 is AGV52778.1 , GM10 is AGV52769.1 , GM11 is

AGV52768.1, GM12 is AGV52767.1, GM24 is AGV52755.1 , GM26 is AGV52753.1 , GM35 is AGV52744.1, GM41 is AGV52738.1, GM49 is AGV52730.1, GM54 is
AGV52725.1 , GM58 is AGV52721.1 , GM62 is AGV52717.1, GM83 is AGV52696.1, GM90 is AGV52689.1 , GM93 is AGV52686.1, GM98 is AGV52681.1,GM100 is

AGV52657.1, GM104 is AGV52653.1, GM120 is AGV52672.1, GM125 is AGV52667.1 while accession numbers for the salmon sasaUBA(*0301 allele) and HLA-A2 sequences are

AAN75116.1 and AAAT76608.2 respectively.

Alpha 1 domain

A B A A B C
ABC C B B B B BB C FC F FF F
GM100 HSLQFFYTGSS-GLSTEFPE DEVQVEYYDSN--TQRT I TKQDWADQAT-RDKDPDY LERETENRKGNQQVEKGN IGTLKKRENQ : 88
GM125 - -- .. T e e e e .. ce 88
GM104 - T.Q -—.....P. .. .N- AR T D .R. 88
GM120 : = o) --...5.P. E..N-..T DA ... T. .0. 88
GM93 .S.D.A..-..P. -- .. No e Revunn. .. ce 88
GM98 H..D.A..- ....G -- P. N-.E-ES.S...D..l...... G .R. 87
GM35 ce..V.H.A..- .G . e -..-P.GE..IA..R...... T .0. 87
GM54 . .QH - ... D.Q G --...S.P. N-...... KD...... .0. 88
GM58 .- P e R S Revunn. .. ce 88
GM83 ... S.A..=.. .. E...... --...5.P. Eo NoeoaVee e, GF.AG Q. 88
GM90 ..H -..T G...G.. --SKKT E...-.G-Y.S SNRLSL.S D .0. 87
GM1 ..H - ... G...G..ID --I..AVL. E.VI-.E-.R NAGILQ TY.AG .0. 87
GM10 . MR -..T G...G..FN --...TVP. ELVI-.E-.R ..GK... . .0. 87
GM11 ..H -7 G...G.. --SK. ERY.-..-H.E DNG.LQ.A..TF.AG .0. 87
GM12 ..H - .T. G...G.. --SK. E.V.-KE-.R...D...GKFQ.S..SF.VS .Q. 87
GM24 ..H - G...G..ID ——...T K...-SG-.G. .GKAQ.A..T .0. 87
GM26 ..H - .. G...G.. ce.==...T E.V.-SG-.G. N.GKFQ.A. . Q... 87
GM41 ..H .-..K G...G.. H..-—...VVL....ME.L.-.E-Y.. S.GLSL.S..S .I.M....R 87
GM4 9 ..H Cem e G...G..ID --—..KKVL..E.MKRY.I.E-.......L.GILQ.H..TF.AS.VNV.OQ. 88
GM62 : .L...H cem T G...G..IN -—...VVL....MERFA-SG-. .S.GIIQ.T.. .Q. 87
sasaUBA : AT...R .=.IPD...F.T.GL.NGEPIS....[-—IR.ETPR...MAK---TE-GS..W.SQ.QVSI.SE.TE. Q. ... 85
HLA-A2 : GS..VRf .RPGRGE.R GY..DT .DAAS..MEPRAP.IE.-—-=- EG.EJWDG. .RKV.2AHS. THRVD RCllv.. : 87
Y7 Y59 Y/R84
1 20 * 40 * 60 * 80

Clade 1

Clade 2

27



Text S3. Additional U lineage data

Alpha 2 domain
A
B
CC E DD A
FED FF F FF E EE DD A A A
GM100  : TG-GAHILQRMYGCEWDDEDGT-TEGYQQYGYDGEDFLSLDLKT PVHQAFATKLRWDHDTAYNQY LKNY Y TKECVDWLKK GKS : 178
GM125 T T e e e Coe e e e e e ... 178
GM104  : ..—....1.T.S.cu.cue... - .. ...LT..HK.EQNR. .MEQQ.H....V....... ... 1 178
GMI20  : ..-....l1...D.c........ -... R..VT..H.LEQNR. .MEE. .H............ S.. ot 178
GM93 T - .. PS...L.....Q...K...FN........ ... 178
GM98 O o - .. PS...L.eNuvvveVeuoineweon Ve iGuuew = 177
GM35 O S-.D. : NEER.QL......01.ED.......Y. . N... : 177
GM54 O PR o - .. S..Q...GLR.QTVRY.Y ..\ euven ... ... 1 178
GM58 Y PS...L..Neo.ooVeuiuuene o Ve .Gouww & 178
GM83 P .- ..Q..NEER.Ql......1.ED.......7. .N... : 178
GM90 to..-. ... 7.E......... P..Q...GLRG.D.QQ...L.... N e 1 177
GM1 : ..=.T.LY.........G..DS-. P..QK..GIR...E.W...Queuueen ... cel 1 177
GM10 DoL-. CT..RKL.ENK.QL..Fuuiiununoun .. cel 1 177
GM11 DoL-. Q..NQ.R.DL..N...Quueuueunn... e 177
GM12 DoL-. .vR...ENR.D...IR..F..uuouo.u VT ¢ 177
GM24 Doa- . .Q..NEER.QL......1.ED.......Y. . N... : 177
GM26 R S VAV S \ L Q...GLR.QTVRY.Y .. .cuvon ... cel 1 177
GM41 P o..-.. . VY.E..... .....QKRG..EQQ.........H.... cel 1 177
GM49 : ..-.T.LY.F.C........DS-. .OK..GIR...E.W...Q.....E....Y.S..R. : 178
GM62 : ..-...MF.N..........DS-. CT..RKL.ENK.QL. . Fuuiiuuaoao .. co. 2 177
sasaUBA : ..-.V.UN.K.........T.V=... ...K..SN..Q.E.R...L.QT. 175
HLA-A2 : SEA.S.TV......DVGSD-WR oTl. 5l e -8V 2EQ . RALEGT. 177
T KWl147 Y159 Y171
* 100 * 120 * 140 * 160 *
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Alpha 3 domain
GM100 : TLORTERPRVSLLORSPS---SPVVCHATGEYPNR RRDGQELHEQVDPGEVLPNHDGTEQVSVD
GM125 A e T e e e
GM104 R G e T e e e e
GM120 A e T e e e
GM93 e B e e B e e e e
GM98 e Quviivvnn T e e e
GM35 L e e -———. . . B e e e e e e
GM54 N b .. e
GM58 P Quviiven -———.. e e e e e e e
GM83 R e -——=..

w)]

|

|

|
o
H

D

zZ =z

Text S3. Additional U lineage data

TAVPQEDW--GRYECVVQLK

265
265
265
265
265
264
264
265
265
265

GM90 e R
GM1 L e e -——..
GM10 : o.....DoLo Lo -——..
GM11 R e e e -———..
GM12 R . ..R.. ..
GM24 O e -——..
GM26 O e -——..
GM41 Y e -——..
GM49 A e e e e 5
GM62 ... .DoLoo oo -———. . . T..... . e e e

I2y)
|
|
|
vlvEvEvEvEvEvEvEvEvile)

z =z zZ|= -

AR RN RN NN .
|
|

XN e
[
[

K —_—

R

264
264
264
264
264
264
264
264
264
264

sasaUBA : . ..VP.S.. KT o= 0 Tl .SG S.0K...DH..D.EH..T.0.D...
HLA-A2 : .....DA.KTHMTHHAV.DHEATLR. S...AEITLT.Q...EDQTODTELV.TR.AG. ..
180 * 200 * 220 * 240
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Text S3. Additional U lineage data

CPp ™ CYT
GM100 : GI-EDISTTLDPAHIRTN-GGDNH TG - G RKKNDSEKCHKPVD-SDTSSENTEGQKLAPEYQPLPT-- : 349
GM125 T e e e e e T e .. - e e e e e I 0 0 0 © ce....S.-= 1 349
GM104 N P -REGS --= 0.R...D.R ... .PEEE S.-— @ 348
GM120 N P -REGS -= 0.R...D.R G-........'FEE LWALL L TL-= 348
GM93 Co..—... . Pl -REGS .. -= . K.R...D.R G= et ii e NPS..A...T.-— : 348
GM98 T e e e e e T e .. - . C..R...... ... T e e PS..A...T.-=- : 346
GM35 N .P.. C.-S.KSGLTIP K.R.ALD.R....G=o oo i oot NP...A...TK-— : 349
GM54 N .P.. -S.KSGLTIP K.R.ALD.R....G=o oo i oot NP...A...TK-- : 350
GM58 I .P.. -..KSGLTIP - T K.R.ADOQR. .. .AT. . ..., DA-==—mmmmmmm === : 335
GM83 L. .P.. C.-S.KSGLTIP K.R.A.D.R....G-. ... ... NP...A...TK-- : 350
GMS0 N .P.GR ...~S.KSGLTIP - K.R.A.D.G..L.GS...... K...KNP...A...-=== 1 347
GM1 N .R.. -..KSGLTIP K.R.A.D.QQ..GG—...... G....NPP..S...T.-— : 349
GM10 N .P.. -S.KSGLTIP - K.R.--D.R G et ii i NP...A...TK-- : 346
GM11 I .P.. -E.KSGLTIP -- K.R.AD.G. oo JAS v v i e i e e NP...A...T.—-— : 348
GM12 :t S.-.. .P.. -..KSGLTIP -- T K.R.ADOR. .. AT ... .. DA-—=mmm——m— == : 334
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